Fluoromethyl ethers of various functionalized phenols were synthesized from the corresponding methylthiomethyl ethers by the reaction with IF 5 -pyridine-HF. A fluoromethyl ether of an aliphatic alcohol and a fluoromethyl ester of a carboxylic acid were also synthesized.
Introduction
Organofluorine compounds are widely used, as medicines, pesticides, functional materials, and so on [1] . Recently, effective synthetic method of fluoromethyl ether is attracting attention for the introduction of 18 F atom to the PET tracer [2] . Fluoromethyl ethers have been synthesized using various methods, including halogen exchange reaction [3] , fluoromethylation of alkoxides [4] , fluorodecarboxylation of alkoxyacetic * Corresponding author. Tel/Fax: +81(11)7066556 E-mail address: shara@eng.hokudai.ac.jp (S. Hara) acids [5] , oxidative fluorination of benzylic alcohols [6] , and desulfurizing fluorination of methylthiomethyl ethers [7] . Among them, the conversion of the methylthiomethyl ethers has an advantage over other methods because the starting methylthiomethyl ether can be easily prepared from the corresponding hydroxyl compounds [8] , and therefore, the method can be used to introduce the fluoromethyl group to various substrates.
DAST [7a-c] and XeF 2 [7d] were used in the desulfurizing fluorination reaction of methylthiomethyl ether. However, they decompose in air by the contact with moisture under generating HF, and therefore, application of a stable reagent to the desulfurizing fluorination reaction of methylthiomethyl ether was desired [9] . Recently, we reported that the air-and moisture stable fluorinating reagent, IF 5 -pyridine-HF, can be used for the fluorination reactions of various sulfur compounds [10] . During our continuing studies on the fluorination reaction using IF 5 -pyridine-HF, we found that the desulfurizing fluorination reaction of methylthiomethyl ethers and the ester of various hydroxyl compounds can be achieved using IF 5 -pyridine-HF (Scheme 1). 
Results and discussion
The reaction of methylthiomethyl ethers prepared from phenols 1 with IF 5 -pyridine-HF is generally completed in a few hours at room temperature, and the corresponding fluoromethyl ethers 2 were obtained in good to moderate yields, as shown in Table 1 . The reaction is applicable to substrates having both an electrondonating group (1a, 1f and 1g), and an electron-withdrawing group (1b, 1c, 1d, and 1e) on the benzene ring. When a strong electron-withdrawing group, such as a nitro group, was attached (1c), the reaction was sluggish and a long reaction time was required (Entry 3). On the other hand, when an aniline derivative (1g) was used, due to the strong electron-donating effect of the nitrogen substituent, the product (2g) was unstable.
Therefore, it was necessary to carry out the reaction at a lower temperature (-10 ˚C) for a longer time (Entry 7). The reaction is also applicable to the synthesis of fluoromethyl estes of carboxylic acids (Entry 8) and fluoromethyl ethers of aliphatic alcohols (Entry 9). 
Scheme 2
The O-fluoromethyl ether of tyrosine is a potential candidate for a PET tracer [2] , and the present reaction can be used for the synthesis of the O-fluoromethyl ether of tyrosine.
When the O-methylthiomethyl ether of a D-tyrosine derivative (1j) was subjected to the reaction with IF 5 -pyridine-HF, the O-fluoromethyl ether of the tyrosine derivative (2j) was obtained in 68% yield (Scheme 3). 
Conclusion
We have shown that an air-and moisture stable fluorinating reagent, IF 5 -pyridine-HF, can be used for the synthesis of fluoromethyl ethers of functionalized phenols and aliphatic alcohols, and fluoromethyl esters of carboxylic acids. The present method was applied to the synthesis of the O-fluoromethyl ether of a D-tyrosine derivative, which is a potential PET tracer candidate. As the starting methylthiomethyl ether can be easily prepared from the corresponding hydroxyl compound, the present method is useful for the introduction of the fluoromethyl group to various hydroxy compounds.
Experimental

General
The melting points were measured with a Yanagimoto micro melting-point apparatus.
The IR spectra were recorded using a JASCO FT/IR-410. 
General procedure for the reaction of methylthiomethyl ether 1 with IF 5 -pyridine-HF.
To a Teflon FEP bottle, IF 5 -pyridine-HF (177 mg, 0.55 mmol) and CH 2 Cl 2 (2 mL)
were introduced at room temperature. To the resulting white suspension, a methylthiomethyl ether (1) (0.5 mmol) in CH 2 Cl 2 (1 mL) was added at room temperature. The mixture changed to dark red immediately, and was stirred at room temperature. The reaction can be monitored by tlc or GLPC, and was continued until the consumption of 1 was confirmed. Then, the mixture was poured into water (20 mL) and extracted with CH 2 Cl 2 (20 mL X 3). The combined organic layer was washed with aq NaHCO 3 and aq Na 2 S 2 O 3 , and dried over MgSO 4 . After concentration under reduced pressure, 2 was isolated by column chromatography.
1-(Fluoromethoxy)-4-isopropylbenzene (2a)
IR ( 
1-(Fluoromethoxy)-1,1'-biphenyl (2b)
1-(Fluoromethoxy)-4-nitrobenzene (2c)
White solid 
1-(Fluoromethoxy)-4-bromobenzene (2d)
Ethyl 4-(fluoromethoxy)benzoate (2e)
IR (neat) 2984, 1715, 1608, 1510, 1277, 1233, 1172, 985 
